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Introduction
The successful cultivation of various fruit species in the semi-arid region of Brazil has been favored by the irrigated agriculture poles.
However, in order to provide food for sustainable development, since water resources are limited, agricultural water management must be taken into account (Valipour, 2015) . One approach for agricultural water management is site-specific management based on soil physical attributes.
Confirming this statement, Nascimento et al. (2014) demonstrate the efficacy of spatial analysis to apply site-specific irrigation management using soil physical properties (i.e, bulk density, soil water retention curve) in a vineyard in the irrigated Petrolina county pole.
The spatial variability of soil properties is often assessed with data interpolation (Silva et al., 2017) , however, selecting a proper spatial interpolation method is important, since different methods of interpolation can lead to different results (Li & Heap, 2011) Interpolation techniques can be classified into two main groups: deterministic and stochastic the interpolated point (Varouchakis & Hristopulos, 2013) . The most commonly used deterministic interpolation methods for site-specific agriculture management are inverse distance weighted (IDW) (Li & Heap, 2011) . However, other methods, such as local polynomial interpolation (LPI) and radial basis functions (RBF) have started to be used in agriculture as well (Mueller, 2007 , Xie et al., 2011 . All these options can be easily performed using most modern GIS (Geographic Information Systems) software packages.
Stochastic methods employ the spatial
correlations between values at neighboring points and a semivariogram, which measures the spatial correlation as a function of the distance between data points, should be fitted. The most widely used stochastic method is kriging (Varouchakis & Hristopulos, 2013 (Li & Heap, 2011) , in addition, Robinson & Metternicht (2006) verified that the best performance of an interpolation technique also depends on the soil variable which is being studied. Since there are no studies testing interpolation technique for delineating irrigation management zones in fruit fields in the semi-arid region of Brazil, the aim of this study is to test the performance of spatial interpolation techniques for mapping soil physical properties for sitespecific irrigation management purpose in a mango orchard in the Brazilian semi-arid region. as described by Donagema (2011) . For each sample, particle size was determined by the standard pipette method (Donagema, 2011 To test the hypothesis of normality, the Shapiro & Wilk (1965) test was conducted. According to the method of Warrick & Nielsen (1980) , the variability of soil attributes was classified according to the CV, where a CV value below 15 % was considered low, a value between 15 and 50 % was medium, and CV greater than 50 % was considered high.
Materials and Methods

This
Spatial dependence of samples was tested using semivariogram models (Oliver & Webster, 2014) . However, the study variables showed no spatial dependence or it was very weak (nugget effect value close to sill value), thus, only deterministic interpolation techniques were performed which were: Inverse distance weighting (IDW), Radial basis functions (RBF) and
Com. Sci., Bom Jesus, v.9 n.1, p.93-101, Jan./Mar. 2018 Cross-validation method was used for comparing the interpolation techniques and indicates which method gives the best results (Sun et al., 2009 ). This method involves consecutively removing a data point, interpolating the value from the remaining observations and comparing the predicted value with the measured value (Xie et al., 2011) . The mean error (ME), mean square error (MSE) and the root mean square error (RMSE) calculated from the measured and interpolated values were used to compare the accuracy of predictions (Li & Heap, 2011) . The ME is defined by (Equation 2):
where v i was the difference between predicted value and observed value at location s i , i 1,…, n v , and n v was the number of values in the check data set.
The MSE was the sum of accuracy and precision. It was defined in Equation (3):
where v i 2 was the difference between the square of predicted value and observed value at location s i , i 1,…, n v , and n v was the number of values in the check data set. The RMSE was defined as Equation (4) and it represents the error in the variable unit.
MSE RMSE = (4)
Smaller ME, MSE and RMSE values indicate fewer errors.
Results and Discussion
Based on the average values of the soil texture, it is verified that the soil is classified as sandy. The minimum and maximum, and coefficient of variation values indicate that there is a high variation of soil texture fractions, mainly for the silt and sand fractions (Table 1) . Similar results were found by Rodrigues et al. (2015) in an irrigated guava field in the semi-arid region of Brazil, which verified that even in a small field, soil texture can vary considerably. Therefore, wrong decisions could be made when management of water and fertilizer is defined by average values.
According to Stolf et al. (2011) , the soil bulk density limit, which correspond to the BD value when macroporosity (Ma) is equal to 10%
Com. Sci., Bom Jesus, v.9 n.1, p.93-101, Jan./Mar. 2018 (The Ma value of 10 % has been considered a critical limit in relation to soil aeration), can be calculated by its sand content. Therefore, the BD mean value in the area was below the critical range (1.66 g cm -3 ) in this soil. However,
the maximum values may indicate that there are values greater than the BD limit in the area and problems with soil aeration and drainage may be occurring. According to Warrick & Nielsen (1980) classification, based on CV values, the water content at all matric potentials and the soil water available (SWA) showed medium variability (CV between 15 and 50%). (Table 2) .
RMSE provides a measure of the error size (Li & Heap, 2011) , and it can be considerate small even for the worst interpolation method performance (LPI = 25.1 kg kg -1 ) since this error is not sufficiently large to change irrigation management zone. Sumfleth & Duttmann (2008) Clay, Sand and Silt (g kg -1 ); BD = soil Bulk Density (g cm -3 ); θ = volumetric soil moisture (cm 3 cm -3 ) at matric potentials (MPa). SWA = Soil Water Available (cm 3 cm -3 ). IDW = Inverse distance weighting; RBF = Radial basis functions; LPI = Local Polynomial interpolation. ME = Mean error; MSE = Mean square error; RMSE = Root mean square error.
The RBF technique showed the smaller ME values among the interpolation methods tested (Table 2) (Table 2) . For all other variables, IDW and RBF showed the same performance. LPI showed the worst performance for all variables ( Table 2) .
As stated by Li & Heap (2011) Better results for stochastic methods are expected since samples with a strong spatial structure were mapped more accurately than samples that have weak spatial structure (Xie et al., 2011) . Evidently, when there is strong spatial dependence kriging usually is the best choice since kriging is a linear unbiased prediction with minimum variance. However, in some cases, deterministic interpolation techniques are preferred. For example 1) when there are not spatial dependence and semivariograms cannot be fitted (Lu & Wong, 2008) . This is the case of the present study, thus only deterministic methods were applied; 2) number of samples are not enough, since grid size is a very important factor in order to determine the spatial distribution pattern of soil attributes (Rodrigues et al., 2012) (Teegavarapu, 2007; Xie et al., 2011) . In addition, the semivariance function fitting is subjective, different researchers may have different results (Xie et al., 2011 Com. Sci., Bom Jesus, v.9 n.1, p.93-101, Jan./Mar. 2018 
Conclusions
The data set of soil physical properties did not show spatial dependence preventing the interpolation by stochastic method (Kriging).
However, it was possible to interpolate using deterministic methods such as inverse distance weight (IDW), local polynomial interpolation (LPI) and Radial basis functions (RBF).
IDW and RBF showed the best results of map quality for physical properties in the study area, however, all interpolation method showed relative small errors and can be all used for delineating zones for site-specific irrigation management.
